Four mature rumen and abomasal cannulated wethers were used in a 2 x 2 reversal experiment to study the effect of forage quality on daily quantity of abomasal protein and microbial protein synthesis. Diets were either high quality [HOo 16.4% crude protein (CP)] or low quality (LOo 9.3% CP) Coastal bermudagrass which provided 110.7 and 58.3 g CP intake daily, respectively. Non-ammonia CP reaching the abomasum daily was 99.6 g for HQ and 79.6 g for LQ, resulting in a 10% loss of CP from diet to the abomasum with the HQ diet. Conversely, there was a 36.5% gain in CP between the diet and abomasum with the LQ diet. The sulfur amino acids (methionine and cystine) were the only essential amino acids which were increased (P<.01) during rumen fermentation by the wethers fed the HQ diet. All individual essential amino acids, except arginine, and total essential amino acids were increased 2.0 to 2.5 times during passage of the LQ diet to the abomasum (P<.01). All nonessential amino acids, except proline, and total non-essential amino acids increased from the diet to the abomasum (P<.O1) with the low quality diet. Based on the recovery of diaminolSimelic acid from the abomasal digesta, microbial protein synthesized daily was 38.8 g on the HQ diet and 30.8 g on the LQ diet. Approximately 43.6 and 62.3% of the protein from the HQ and LQ bermudagrass diets, respectively, apparently escaped degradation in the rumen. (Key Words: Forage quality, Abomasal protein and Microbial protein synthesis.)
INTRODUCTION
Forage protein is generally considered to be of good quality, with biological values equal to casein, beef muscle and soybean (Akeson and Stahman, 1965 ; Woodham, 1971) . As discussed by Byers (1971) the essential amino acid content of unfractionated leaf protein is comparable with that of the F.A.O. reference protein. Lysine content of leaf protein preparations is higher than in many seed proteins. Lysine content of such preparations may be 1.5 times that of the F.A.O. reference protein.
However, in terms of absolute amounts, methionine is the first limiting amino acid in all leaf protein preparations (Byers, 1971) . Forage protein is also highly digested by ruminants (Van Soest, 1967; Colburn et al., 1968; Weller et al., 1958) and should provide much of the actual amino acid needs of ruminants when extensive degradation of the protein does not occur in rumen. In sheep fed an all forage diet, Hogan et al. (1970) found that intraruminal protein metabolism modified the total amount of amino acids passing to the intestine but had little effect on the proportions of amino acids available to the animal. The objectives of this study were to determine the total protein and amino acids reaching the abomasum daily and rumen microbial protein synthesis in wethers fed a forage of the same species which differed widely in digestibility and protein content.
EXPERIMENTAL PROCEDURE
Four mature wethers weighing approximately 60 kg were fitted with permanent rumen and abomasal cannulas and used in a 2 • 2 reversal experiment. Rations were either low quality bermudagrass, (bermudagrass, coastal hay, partially S-C dehy grnd pelleted, IRN 1-08-623) or high quality bermudagrass, (bermudagrass, coastal, aerial part, dehy grnd pelleted, were 675 and 725 g for the low and high quality bermudagrass diets, respectively, with equal portions fed twice daily. A 10-day preliminary period and 6-day abomasal collection period were used throughout the trial. Lignin and polyethylene glycol (PEG) were used as indicators to estimate total solid and liquid digesta reaching the abomasum daily. Polyethylene glycol was dissolved in water and 5 g was infused into the rumen in 50 ml of water twice daily at feeding. Abomasal samples were taken on consecutive days at 0, 2, 4, 6, 8 and 10-hr after the am feeding and at 0, 4, and 8-hr on days 1, 3 and 5 after the pm feeding, respectively. Equal aliquots from each abomasal samples were combined to provide a single animal composite for analysis, The composite was separated into solid and liquid phases by centrifuging at 10,000 g for 30 minutes. The solid fraction was washed twice with deionized water and centrifuged at 10,000 g between washings. The solid fraction was quick frozen in dry ice and lyophylized.
Lignin in the solid fraction of the abomasal digesta and diets was determined by the 72% H~SO4 procedure of Van Soest (1963) , and PEG in the liquid fraction was determined as described by Ulyatt (1964) . Protein and nonprotein nitrogen (NPN) in both the solid and liquid abomasal digesta were separated by using a 5% solution of hot trichloroacetic acid (TCA).
Nitrogen contents, as protein and NPN, of the solid and liquid digesta were then determined by a macro-Kjeldahl procedure (A.O.A.C., 1970) . Ammonia in the liquid fraction was determined using an Orion Model 95-10 ammonia electrode with a Leeds and Northrup 7421 digital pH meter. The pH was adjusted to 11.00 with NaOH just before ammonia was determined in the standards and liquid abomasal samples.
Aliquots of the solid and liquid abomasal digesta were hydrolyzed under nitrogen in 6N HCI for amino acid analysis. Amino acids in each fraction were determined in duplicate by the procedure of Moore et al. (1958) .
Total crude protein and dry matter recovered daily in the solid abomasal digesta were calculated from the lignin:protein ratio in the solid abomasal digesta compared to that in the diet. Protein recovered daily in the liquid digesta was calculated from the dilution of the PEG infused into the rumen. Data were analyzed for treatment differences where appropriate by analysis of variance (Steel and Torrie, 1960) , and total amino acids recovered from the abomasal digesta for each respective treatment were compared to intake by the t test (Dixon and Massey, 1969) .
Rumen bacterial protein synthesis was determined by using diaminopimelic acid (DAP) as described by Ibrahim et al. (1970) . Aliquots of the hydrolysates used for the previous amino acid analysis from both the solid and liquid digesta and a standard amino acid mixture were dried (60 C) under reduced pressure (30 mm Hg) and oxidized with performic acid (Moore, 1963) . This oxidation procedure converts methionine to methionine sulfone and cysteine to cysteic acid and permits separation of methionine and DAP, that elute as one amino acid during conventional amino acid analyses.
RESULTS AND DISCUSSION
The percentages of crude protein, crude fiber and lignin (table 1) of the bermudagrass indicate the differences in quality of the two diets. As would be expected from other work (Utley et al., 1971) protein was lower and crude fiber, acid detergent fiber and lignin were higher in the more mature low quality (LQ) Coastal bermudagrass. The apparent pre-intestinal digestion coefficients for dry matter, acid detergent fiber and cellulose were lower (P<.05) for the LQ than for the HQ bermudagrass. These latter observations agree with other reports (Terry and Tilley, 1964; Utley et al., 1971) , that with advancing age and increased lignification of forage tissue, rumen microbial degradation of dry matter decreases. Table 2 summarizes the distribution of protein recovered from the abomasal digesta of wethers fed the two bermudagrass diets. Since intake of crude protein from HQ was almost double that from LQ, the quantitative data on recovery of protein were converted to percentage of dietary intake recovered before statistical analyses. Total crude protein (CP) recovered from the abomasal digesta was higher in wethers receiving the HQ diet (125.8 g) than in those receiving the LQ diet (97.2 g). These results agree with those of Hogan et al. (1970) , who also found that the dietary crude protein level up to about 18% CP directly affects the quantity of protein reaching the abomasum and digested in the intestines of sheep fed total forage diets. However, relative to intake, total daily abomasal CP or CP present in the solid and liquid phases of the digesta was higher (P<.05) from wethers fed the LQ bermudagrass diet. These data indicate that the quantity of protein reaching the abomasum in ruminants fed diets of all forage can be directly related to percentage crude protein in the forage, digestibility of the forage and the quantity of nitrogen recycled into the rumen.
Wethers fed the LQ diet recycled 6.2 g nitrogen through the rumen daily and were apparently quite efficient in utilizing the recycled nitrogen, since non-ammonia crude protein increased by approximately 21 g between the diet and abomasum (table 2). Abomasal crude protein equivalent from ammonia was 26.2 and 17.6 g per day in wethers fed the HQ and LQ diets, respectively. When total abomasal CP was corrected for ammonia, 99.6 g CP was recovered from the abomasal digesta of wethers fed the HQ diet compared to 79.6 g recovered in the digesta of those fed the LQ diet. This resulted in a net loss of 11.1 g CP on the HQ diet compared to a gain of 21.3 g on the LQ diet. These data show the same trend as those of Hogan et al. (1970) , who observed a loss in protein between the diet and abomasum when dietary CP reached or exceeded 18%. However, in the present study with 15% dietary CP (as fed basis) there was a net loss of protein between the diet and abomasum. This difference in forage protein level before protein loss occurred may be due to differences in digestion of dry matter (DM) within the rumen. Since preintestinal digestion of DM in our study was 52.6% with the HQ diet, any DM digestion exceeding this in the study of Hogan et aL (1970) would have made more energy available within the rumen for microbial protein synthesis and could have reduced the quantity of ammonia reaching the abomasum. The data are also quite similar to those of GoshtasbpourParsi et al. (1974) who also found that crude protein was lost between the diet and abomasum in wethers fed purified diets containing 14.04% CP and was gained in wethers fed the same diet containing 7.02% CP. The TCA-soluble and -insoluble protein was determined separately in the solid and liquid abomasal digesta but the data are combined in table 2. The TCA-insoluble CP fraction in the abomasal digesta was 66.8 and 55.4 g, which accounted for 53 and 57% of the total CP in the digesta from wethers fed the HQ and LQ diets, respectively. The TCA-soluble abomasal protein was 59.0 g for the HQ diet and 41.8 g for the LQ diet. This TCA-soluble fraction contained the ammonia (table 2), which represented 44 and 42% of the total CP in these fractions for the HQ and LQ diets, respectively. Since ammonia was also present in the liquid digesta, it represented from 44 to 50% of the total CP entering the abomasum in the liquid digesta. These higher levels of ammonia in the digesta of wethers fed the HQ diet are probably due to the increased CP intake and perhaps partially to increased DM digestion on the HQ diet and agree with the data of Hogan and Weston (1967) who found higher abomasal ammonia levels in sheep fed a 17.4% CP diet compared to a 6.9% CP diet. Table 3 gives the total essential ammonia acids, except tryptophan, recovered from the abomasal digesta of wethers fed the HQ and LQ diets. Of the individual essential amino acids, only the sulfur amino acids (methionine and cystine) increased between the diet and abomasum (P<.01) in wethers fed the HQ diet. The remaining essential amino acids, individual and total, were not affected (P>.05) during passage of the HQ diet to the abomasum; although there was a trend for increased lysine, threonine, isoleucine, leucine, phenylalanine, and C'dMeans on the same line within ration with unlike superscripts differ significantly (P<.05). total essential amino acids. In wethers fed the LQ diet, all individual essential amino acids except arginine, and total essential amino acids increased (P<.01) during passage of the diet to the abomasum. Arginine increased between the diet and abomasum in wethers fed the LQ diet (P<.05). The increases in individual amino acids were greatest in histidine and the sulfur amino acids. Total essential amino acids increased approximately 2.5 times between the diet and abomasum in wethers fed the LQ bermudagrass diet. These data agree with those reported by Hogan et al. (1970) in that the rurnen bacteria modify the quantity of amino acids reaching the abomasum on forage diets. Particularly, the data from wethers fed the LQ diet emphasize the ability of the rumen bacterial population to increase the quantity of amino acids potentially available for absorption.
In wethers fed the HQ diet, (table 4) total nonessential and individual nonessential amino acids, except glutamic acid and tyrosine, tended to decrease between the diet and abomasum but were in the same ratio (i.e. individual:total) in the abomasal digesta as in the diet. Values for total and individual nonessential amino acids in wethers fed the LQ diet show the same trend as noted for the essential amino acids. There was a highly significant increase in individual and total nonessential amino acids, except proline, in wethers fed in the LQ diet.
The quantity of amino acids reaching the abomasum represents a balance between rumen microbial destruction of amino acids in the diet and microbial synthesis of amino acids. The data in tables 3, 4 and 5 indicate less dietary destruction of amino acids in wethers fed the LQ diet and more destruction and more synthe- CCalculated from a 15% cell yield per 100 g dry matter digested and microbial cells considered to contain 65.6% crude protein (Hungate, 1965) . dNon-ammonia crude protein --minus microbial protein plus 12.5 g endogenous abomasal crude protein daily (Hogan and Phillipson, 1960) . sis in wethers fed the HQ dict. Microbial protein reaching the abomasum daily in the solid and liquid digesta was 38.8 and 30.8 g, respectively, for the HQ and LQ diets (table 5) . These values compare favorably with the theoretical yield of microbial protein of 36.8 and 23.5 g per day from the HQ and LQ diets, respectively (Hungate, 1965) .
The apparent quantity of dietary CP which reached the abomasum (table 5) was 48.3 and 36.3 g daily for the HQ and LQ diets, respectively, and represents 43.6 and 62.3% of the dietary CP which apparently was not degraded in the rumen. These percentages are higher than would be expected from the data of Weller et al. (1958) , who found that 18 to 37% of the total nitrogen in the rumen (and presumably passed to the abomasum) of sheep fed wheaten hay was of plant origin. Perhaps some of this difference may be explained by the fact that the forage used in the present study had been artificially dried. Goering and Waldo (1974) , who reviewed the effects of heat on ruminant feeds, pointed out that heat tends to decrease digestion of forage dry matter and protein and rumen ammonia release, but may increase the quantity of amino acids available for absorption due to the decreased rumen microbial destruction of dietary protein. In addition, the apparent dietary CP values (tabie 5) may be slightly high since any protozoal protein would be included in these values. Attempts to isolate protozoa in any quantity from the rumen of the sheep fed these diets were unsuccessful, probably because the diets were ground and pelleted. Christiansen et al. (1964) reported that the protozoa population decreases as diets are ground and pelleted.
Two points concerning the data from this study should be considered for an overall interpretation. All animals were mature and as such would only require nitrogen (protein) for maintenance and wool growth. The data, especially with the LQ diet, may overestimate the protein that would be available to very young or growing animals, in which tissue protein synthesis could lower the nitrogen available for recycling. A second point is that Sniffen and Jacobson (1975) showed that amino acids absorbed from steers fed a good quality alfalfa hay diet (18.8% CP) was 5.3 times the quantity absorbed from steers fed a reduced quality, more mature, alfalfa hay diet (13.9% CP). If the same were true with grass diets, availability of amino acids from the forage protein which escapes rumen degradation might differ considerably between low and high quality forages.
